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(54) INJECTOR 

(57) In a pressurized -fuel injector, a resin-made 
sealing member for sealing the gap between a pressu- 
rizing piston and a hollow in which it slides is prevented 
from being deteriorated by a shock wave from a pres- 
sure chamber in which working oil works or a pressure 
boosting chamber in which the pressure of fuel is 
boosted. The working oil from a pressure chamber (8) is 
prevented from leaking into a spring chamber (30) 
through the gap between a pressure-boosting piston 
(119) ad a large-bore hollow (26) by a resin-made CD- 
ring (44) which is a sealing member. Between sliding 
faces (49a, 49b) of the pressure-boosting piston (119) 
provided between the pressure chamber (8) and the CD- 
ring (44) and the large-bore hollow (26), is provided a 
metallic C-shaped ring (91). Impulsive dynamic high 
pressure from the pressure chamber is received by the 
C-shaped ring (91) to prevent it from acting on the CD- 
ring (44) and thereby to prevent the O-ring (44) from 
deteriorating. 
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Description 

Technical Field 

[0001] The present invention relates to an injector in 
which a boosting piston may intensify fuel supplied in an 
intensified chamber through a common fuel supply rail. 

Background Art 

[0002] The conventional hydraulically-actuated, elec- 
tronically-controlled fuel injection apparatus is disclosed 
in, for example, Published Japanese translations of PCT 
international publication No. 511527/1994. The injector 
used in the prior fuel injection apparatus has the struc- 
ture, for example, shown in FIG. 13, which may control 
in a variable manner the fuel flow characteristics of the 
hydraulically-actuated injector in the fuel injection stroke 
of the engine and make possible the quick starting of 
the engine. 

[0003] Referring to FIG. 13, the prior injector 1 has 
comprised of a main body having a central passage and 
fuel injection holes 13, and a casing 6 arranged so as to 
form an annular clearance for a fuel chamber 20 around 
the main body. The main body of the injector 1 com- 
prises a nozzle body 2 formed with a central passage 49 
and injection holes 13. a fuel supply body, or plunger 
barrel 5 forming an intensified chamber 7, a spacer 
body 81 and an annular spacer body 21 arranged 
between the nozzle body 2 and fuel supply body 5, the 
annular spacer body being provided therein with a bore 
29, an injector body 4 provided with a pressure chamber 
8 supplied with hydraulically actuating fluid, and a sole- 
noid body 3 having therein a solenoid valve 16, the sole- 
noid body being provided with a leak line of a draining 
groove 39 and a draining passage 38. The casing 6 sur- 
rounds all of the nozzle body 2, spacer body 81 , annular 
spacer body 21 and fuel supply body 5 so as to provide 
the fuel chamber 20 between them and itself, the casing 
6 being further secured to the injector body 4 to thereby 
keep the bodies in integration. The casing 6 is engaged 
in a fluid-tight manner at its one end with a stepped 
abutment 14 of the nozzle body 2 and also sealed at its 
other end against the injector body 4 by screw-fitting at 
a threaded face 80 thereof. The casing 6 has fuel inlet 
1 1 and fuel outlet 12, both of which open to a common 
fluid supply rail 51 from which the fuel is constantly 
applied to the fuel chamber 20. 

[0004] The injector 1 comprises an intensified cham- 
ber 7 provided in the fuel supply body 5 for intensifying 
the fuel fed from the fuel chamber 20, a fuel pass 22 
formed through the spacer body 81, annular spacer 
body 21 and nozzle body 2 to supply the fuel from the 
intensified chamber 7 to the injection holes 13. The 
injection 1 further includes a needle valve 23 held for 
sliding movement in the central passage 46 in the noz- 
zle body 2 so as to open the injection holes 13 by the 
action of the fuel pressure, a boosting piston 109 for 



applying pressure to the fuel in the intensified chamber 
7, the pressure chamber 8 being supplied with hydrauli- 
cally actuated fluid for applying the high pressure to the 
axial end of the boosting piston 109, and the solenoid 
5 actuated control vale 16 controlling the supply of the 
hydraulically actuated fluid into the pressure chamber 8. 
[0005] Arranged in the bore 29 in the annular spacer 
body 29 is a return spring 18 to forcibly urge the needle 
valve 23 towards a closed position where the injection 
10 holes 13 are closed. The return spring 18 is abutted at 
its one end against the top of the needle valve 23 and at 
its the other end against the spacer body 81 . The injec- 
tor body 4 is provided therein with a concave 26 larger 
in diameter for forming a spring chamber 30 defined 
75 between opposing end faces of the fuel supply body 5 
and an enlarged diameter portion 1 15 of a boosting pis- 
ton 109. The spring chamber 30 contains therein a 
return spring 1 7 to forcibly urge the boosting piston 109 
towards the pressure chamber 8. Arranged in a hollow 
20 85 in the injector body 4 is a return spring 1 9 to normally 
bias the solenoid valve 16 towards a position where the 
flow of the hydraulically actuating fluid is shut off. The 
spring chamber 30 having the boosting piston 109 
therein communicates with the fuel chamber 20 through 
25 a passageway 83 having a non-return valve 84 therein. 
Although the spring chamber 30 normally allows the 
entry of leakage fuel under the pressure equal with that 
in the fuel chamber 20, reciprocating movement of the 
boosting piston 109 forcibly displaces inflow fuel from 
30 the spring chamber 30 with the formation of a space. 
[0006] The boosting piston 109 comprises a radially- 
reduced portion 1 14 forming a plunger having the bot- 
tom face to define partially the intensified chamber 7, 
and the radially-enlarged portion 1 1 5 arranged for recip- 
35 rocating movement in the concave 26 in the injector 
body 4 and provided with the top face to define partially 
the pressure chamber 8. The boosting piston further 
includes a guide ring portion 118 depending from the 
periphery of the enlarged portion 115 so as to form a 
40 sliding surface 49 for linear movement in contact with 
the inner surface of the concave 26. The ring portion 
1 18 is to ensure the steady reciprocating movement of 
the boosting piston 109. While the reduced portion 1 14 
of the boosting piston 109 is arranged in a radially- 
4t reduced bore 42 for reciprocating movement, the 
enlarged potion 1 1 5 is arranged in the concave 26 in the 
fuel supply body 5. Provided in the concave 26 in the 
injector body 4 is a sealing member 44 of a rubber- 
made O ring for sealing up a clearance between the 
50 boosting piston 1 09 and the concave 26 to prevent leak- 
age of the hydraulically-actuating fluid in the pressure 
chamber 8 into the spring chamber 30. resulting in 
blockage between the spring chamber 30 and pressure 
chamber 8. The return spring 17 is arranged between 
55 the fuel supply body 5 and the boosting piston 109 in 
compression. The reduced portion 114 and the 
enlarged portion 1 15 are formed separately from each 
other and the top face 1 1 6 of the reduced portion 1 14 is 
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abutted against the enlarged portion 1 1 5 at its inner sur- 
face. 

[0007] The intensified chamber 7 is defined at an end 
of the radially-reduced bore 42 in the fuel supply body 5 
and supplied with the fuel from the fuel chamber 20 5 
through a fuel passageway 37 in the annular spacer 
body 21 and a fuel passageway 35 in the spacer body 
81 . The fuel passageway 35 provided with a non-return 
valve 36 for checking a backward flow of pressurized 
, fuel in the intensified chamber 7 to the fuel chamber 20. 10 
Fuel under pressure in the intensified chamber 7 is sup- 
plied to the injection holes 1 3 through the fuel passes 22 
in the spacer body 81 , annular spacer body 21 and noz- 
zle body 2. High hydraulic pressure in fuel acts on 
tapered faces 45 and 45a on the needle valve 23 to 15 
hydraulically lift the needle valve 23 that is held in the 
central passage 46 in the nozzle body 2 for linear sliding 
movement. As a result, the fuel pressure makes a fuel 
flow between the nozzle body 2 and the needle valve 23 
and opens up the nozzle holes 13. 20 
[0008] The boosting piston 109 is provided with an 
annular stepped face 73 that is contoured in exposure to 
the pressure chamber 8 by planing down the periphery 
of the top surface 75 of the enlarged portion 1 1 5. A sur- 
face of the injector body 4 exposed to the pressure 25 
chamber 8 is formed in a flat face 72 which is in parallel 
with the top surface 75 of the boosting piston 109. It will 
be noted that an annular narrowed clearance 74 for the 
pressure chamber 8 may be provided between the 
opposed faces 72 and 73 of the injector body 4 and the 30 
boosting piston 109. The boosting piston 109 is forcibly 
abutted at its central rise against the flat face 72 of the 
injector body 4 by the action of the return spring 17. 
[0009] In this prior injector 1, the spring chamber 30 
having the return spring therein is defined in the radi- 35 
ally-enlarged concave 26 that is formed in the injector 
body 4 for the linear sliding movement of the enlarged 
portion 115 and guide ring portion 118 of the boosting 
piston 109. The sealing member 44 interposed between 
the enlarged portion 1 15 and the concave 26 is to seal 40 
up the peripheral sliding surface 49 of the boosting pis- 
ton 1 09, which may is in sliding contact with the concave 
26, resulting in prevention of fuel leakage from the 
spring chamber 30 into the pressure chamber 8. The 
fuel in the boosting chamber 7 is allowed to invade the 45 
spring chamber 30 through a small clearance around 
the reduced portion 114 for a plunger, or the sliding sur- 
face 43 of the reduced portion 114 in contact with the 
radially-reduced bore 42 of the fuel supply body 5. The 
fuel in the fuel chamber 20 is also allowed to invade the so 
spring chamber 30 through a clearance between the 
opposed surfaces of the injector body 4 and the fuel 
supply body 5, which are abutted against each other. It 
is to be noted that the spring chamber 30 is normally 
provided with a cavity equivalent with a stroke of the 55 
boosting piston 109. On the fuel in the spring chamber 
30 increasing to the level where the cavity in the spring 
chamber 30 is reduced in volume less than the stroke of 



the boosting piston 109, the fuel in the spring chamber 
30 is discharged to the fuel chamber 20 through pas- 
sageway 83 having the non-return valve 84. 
[0010] The return spring 17 is arranged between a 
spring retainer 117 and the top face of the fuel supply 
body 5 in compression so as to make the reduced por- 
tion 114 follow the movement of the enlarged potion 
115. The top 116 of the reduced portion 114 abutted 
against the enlarged portion 1 1 5 is designed in the form 
of a convex. 

[0011] Disclosed in FIG. 12 is a prior engine fueling 
system for an internal combustion engine having incor- 
porated with the injector 1 . The engine fueling system 
includes the injectors 1 each assigned to a cylinder and 
connected to a common fuel supply rail 51, which is 
supplied with fuel from a fuel tank 52 through a fuel filter 
54 by the driving of fuel pump 53. The common fuel sup- 
ply rail 51 communicated with the injectors 1 is con- 
nected to the fuel tank 52 through a fuel recovery line 
55. It will be understood that the injectors 1 is constantly 
supplied with the fuel of the required pressure at the fuel 
inlets 11 and fuel outlets 12 through the common fuel 
supply rail 51 . 

[001 2] The injector 1 is designed so as to feed hydrau- 
lically actuating fluid, or high-pressurized oil, to the 
intensified chamber 8 for applying the boosting pres- 
sure to the fuel. The injectors 1 are communicated to a 
high-pressure fluid manifold 56, to which the fluid in a 
fluid reservoir 57 is fed through a fluid supply line 61 by 
the driving of a fluid pump 58. There are provided a fluid 
cooler 59 and a fluid filter 60 in the fluid supply line 61 . 
The fluid supply line 61 is branched into a lubricant line 
67 communicating with an oil gallery and a hydraulic 
fluid line 66 communicated with a hydraulic pump 63. A 
flow control valve 64 is to regulate the fluid supply to the 
high-pressure fluid manifold 56 from the hydraulic pump 

63 through the hydraulic fluid line 66. A controller unit 50 
is designed so as to control both of the flow control valve 

64 and solenoids 10. The controller unit 50 is applied 
with data indicative of the performance of an engine, 
that is, rotational frequencies detected by a rotational 
frequency sensor 68, throttle valve openings detected 
by a accelerometer 69 and crankshaft angles detected 
by a crank angle sensor 70 crank travel crankshaft rev- 
olutions valve openings. The controller unit 50 is also 
input with a hydraulic pressure at a pressure sensor 71 
in the high-pressure fluid manifold 56. 

[0013] The solenoid 10 is to actuate needle valves 23 
for opening and closing the nozzle holes 13. Now refer- 
ring to FIG. 3, energizing the solenoid 10 under favor of 
an instruction from the controller unit 50 attracts an 
armature 32, causing lifting the solenoid valve 16 
against the return spring 19. Lifting the solenoid valve 
16 results in separation of a tapered surface 86 of the 
solenoid valve 16 from a valve seat 87 of the injector 
body 4 to thereby make an annular clearance 33 for 
admitting the hydraulic- actuating fluid into the pressure 
chamber 8 from the high-pressure fluid manifold 56 
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through a fluid inlet port 31 and fluid passageway 34 in 
the injector body 4. The hydraulically actuating fluid 
applied into the pressure chamber 8 fills up the annular 
clearance 74 defined between the top surface 75 of the 
enlarged portion 11 5 of the boosting piston 1 09 and the 5 
flat face 72 of the injector body 4 to thereby act on the 
boosting piston 109. Meanwhile, the fuel in the common 
fuel supply rail 51 is fed into the fuel chamber 20 
through the fuel inlet 11 in the casing 6, and then sup- 
plied into the intensified chamber 7 from the fuel cham- 10 
ber 20 through both of the fuel passageway 37 in the 
annular spacer body 21 and the fuel passageway 35 in 
the spacer body 81 . 

[0014] With the boosting piston 109 moving down- 
wards under the action of the hydraulically actuating 75 
fluid, the non-return valve 36 shuts off the fuel passage- 
way 35 to hydraulically intensifying the fuel in the inten- 
sified chamber 7. As a result, the hydraulic pressure in 
the fuel acts on the tapered faces 45, 45a on the needle 
valve 23 to cause the lifting of the needle valve 23 20 
against the return spring 18. Electro-magnetically de- 
energizing the solenoid 10 causes downward move- 
ment of the solenoid valve 1 6 by the action of the return 
spring 19 to thereby open the draining grove 39 for dis- 
charging the hydraulically actuating fluid out of the pres- 25 
sure chamber 8 through the draining grove 39 and the 
draining passage 38. Following such discharge of the 
hydraulically actuating fluid out of the pressure chamber 
8, the boosting piston 109 may return to its home posi- 
tion under favor of the return spring 17 to make the 30 
intensified chamber 7 substantially equal in pressure 
with the fuel chamber 20. Reduction in the fuel pressure 
on the needle valve 23 causes seating the tapered face 
45 in contact with the valve seat of the nozzle body 2 by 
the action of the return spring 18 to thereby close the 35 
nozzle holes 13. 

[001 5] The prior injector 1 of the type described above 
has the disadvantage such that, since work to be done 
on intensifying the fuel by the boosting piston 1 09 is par- 
tially consumed in work done on opening the non-return 40 
valve 84 for exhausting the fuel, the fuel injected 1 may 
lack in amount, or the output may become sufficient, 
resulting in adverse variations in the amount of injected 
fuel for each injection cycle or each cylinder, that is, in 
the rotation of the output shaft in the engine. 45 
[0016] Instead of the passageway 83 and the non- 
return valve 84 employed in the prior injector 1 shown in 
FIG. 13, this applicant has already tiled the co-pending 
application, refer to Japanese Patent Application No. 
46830/1 996, to propose an injector 90. Referring to FIG. so 
14, the injector 90 has a sealing member 47 of rubber- 
made O ring provided in contact with the sliding surface 
43, and a relief port 40 for opening the concave 26 to 
the atmosphere. According to the proposed injector, 
there is no invasion of fuel into the concave 26 with the 55 
result of no requirement of discharging the fuel invaded. 
It has become capable of no loss in work done on inten- 
sifying by the boosting piston 109 with full efficiency of 



the intensifying power. In comparison with the injector 1 , 
the injector 90 shown in FIG. 14 is of the s ame con- 
struction as the injector 1 with the exception of the pro- 
vision of the sealing member for preventing leakage of 
fluid into the concave 26, instead of the discharging of 
fluid invaded into the concave 26. In the following 
description, the same reference character identifies 
equivalent or same parts and the repetition of the same 
parts is omitted. 

[0017] In accordance with the injector having the 
boosting piston 109 described above, the hydraulically 
actuating fluid in the pressure chamber 8 acts on the 
boosting piston 109 that intensifies in the intensified 
chamber 7 the hydraulic pressure with a magnifying in 
proportion to the surface ratio of the enlarged portion 
115 with the reduced portion 114 to thereby forcibly 
inject the fuel out of the nozzle holes 13 at the tip of the 
injector. The injectors shown in FIGS. 13 and 14 are 
identical in that the sealing member of resin-made O 
ring may separate the intensified chamber from the 
pressure chamber for preventing the hydraulically actu- 
ating fluid and the fuel from contamination with each 
other. In the injector 1 in FIG. 1 3, the sealing member 44 
of rubber-made O ring is arranged between the concave 
26 and the sliding surface 49 of the enlarged portion 
including the guide ring portion 1 18 and the leaked fuel 
in the spring chamber 30 is expelled to the fuel chamber 
20 through the passage 83. On the other hand, the 
injector 90 in FIG. 1 4 has the sealing member 47 of rub- 
ber-made O ring arranged between the relatively sliding 
surfaces 43 of the radially reduced bore 42 and the 
reduced portion 1 1 4 of the boosting piston 1 09, and the 
relief port 40 for opening the spring chamber 30 to the 
atmosphere in the engine cover. 
[0018] However, the boosting piston 109 makes the 
reciprocating movement with high speed for each of 
injection cycles and thus the sealing members 44, 47 
are apt to be subject to deterioration due to abrasion. 
The applicant has found that even the improved injector 
proposed by this applicant and shown in FIG. 14 
involves the following shortcomings to be eliminated. 
The extremely high pressure in the intensified chamber 
7 may act in the form of impulse waves on the sealing 
member 47 which is arranged between the relative slid- 
ing surfaces 43 of the radially reduced bore 42 and the 
reduced portion 114 of the boosting piston 109. Such 
impulse force causes cavitation in the vicinity of the 
sealing member 47 so that the sealing member 47 of 
rubber-made O ring get rough at its surface, resulting in 
adverse reduction in the sealing performance. Deterio- 
ration of the sealing member 47 in sealing performance 
may permit the invasion of fuel from the intensified 
chamber 7 along the relative sliding surface 43 into con- 
cave 26, or the spring chamber 30, from which the fuel 
is expelled into the cylinder head cover through the 
relief port 40. There is thus such fear that the contami- 
nation of lubricating oil with fuel makes adverse operat- 
ing conditions of engines such as decrease in viscosity 
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of lubricating oil, insufficient lubrication in engine, 
destruction of engine parts due to overheating or the 
like. Contamination of fuel with lubricating oil vice versa 
causes a danger of making worse the exhaust gases, or 
increasing the smoke. 5 
[0019] An object of the present invention is to over- 
come the above-described shortcomings to be solved, 
and to provide an injector in which the leakage of an 
intensified fuel along relatively sliding surfaces of a con- 
cave and a radially enlarged portion or a radially 10 
reduced portion of a boosting piston is prevented by 
sealing members that is provided between the relatively 
sliding surfaces, the improved injector wherein the seal- 
ing members are protected from the action of instanta- 
neous, high-pressure impulses or dynamic high- 15 
pressure impulses, applied from a pressure chamber or 
intensified chamber, by means of blocking the high- 
pressure impulses on the sliding surfaces at a location 
between the sealing members and the pressure cham- 
ber or intensified chamber, or by means of releasing the 20 
high-pressure impulses from the sliding surfaces 
between the intensified chamber and the sealing mem- 
bers to a lower-pressure side of fuel. 

Disclosure of Invention 25 

{0020] The present invention is concerned with an 
injector comprising an intensified chamber formed in an 
injector body and supplied with a fuel from a common 
fuel supply rail, a boosting piston for intensifying the fuel 30 
in the intensified chamber, the boosting piston being 
actuated by a hydraulically actuating fluid supplied into 
a pressure chamber in the injector body, a needle valve 
arranged in the body so as to open and close nozzle 
holes to inject the fuel from the intensified chamber, a 35 
control valve for controlling the supply of the hydrauli- 
cally actuating fluid into the pressure chamber to actu- 
ate the boosting piston, a return spring for forcing the 
boosting piston towards its home position, and a casing 
arranged around the periphery of the injector body to 40 
form a fuel chamber and provided with a fuel inlet and a 
fuel outlet, both of which are communicated with com- 
mon fluid supply rail, wherein the boosting piston 
includes a radially enlarged portion forming a part of a 
surface defining the pressure chamber, and a radially 45 
reduced portion forming a part ol a surface defining the 
intensified chamber, both of which portions are fitted for 
linear sliding movement in a concave in the injector 
body, a sealing member is provided between relatively 
sliding surfaces of the radially enlarged portion of the so 
boosting piston and the concave, and a sealing ring is 
provided between the relatively sliding surfaces at any 
location determined between the sealing members and 
the pressure chamber. 

[0021] The injector of this invention is of the type in 55 
which a sealing member is provided between the rela- 
tively sliding surfaces of the concave and the enlarged 
portion of the boosting piston. High-pressure impulses 



occurring in hydraulically actuating fluid in the pressure 
chamber upon operation of the control valve may be 
blocked by the sealing ring which is provided between 
the relatively sliding surfaces at a location determined 
between the sealing member and the pressure cham- 
ber. The sealing member is, accordingly, subject to no 
dynamic high-pressure impulses which occur in the 
hydraulically actuating fluid, resulting in the protection 
from the deterioration in sealing performance. 
[0022] The present invention further relates to an 
injector comprising an intensified chamber formed in an 
injector body and supplied with a fuel from a common 
fuel supply rail, a boosting piston for intensifying the fuel 
in the intensified chamber, the boosting piston being 
actuated by a hydraulically actuating fluid supplied into 
a pressure chamber in the injector body, a needle valve 
arranged in the body so as to open and close nozzle 
holes to inject the fuel from the intensified chamber, a 
control valve for controlling the supply of the hydrauli- 
cally actuating fluid into the pressure chamber to actu- 
ate the boosting piston, a return spring for forcing the 
boosting piston towards its home position, and a casing 
arranged around the periphery of the injector body to 
form a fuel chamber and provided with a fuel inlet and a 
fuel outlet, both of which are communicated with com- 
mon fluid supply rail, wherein the boosting piston 
includes a radially enlarged portion fitted for linear slid- 
ing movement in a radially enlarged concave in the 
injector body and forming a part of a surface defining 
the pressure camber, and a radially reduced portion fit- 
ted for linear sliding movement in a radially reduced 
concave in the injector body and forming a part of a sur- 
face defining the intensified chamber, a sealing member 
is provided between relatively sliding surfaces of the 
radially reduced portion of the boosting piston and the 
concave, and a sealing ring is provided between the rel- 
atively sliding surfaces at any location determined 
between the sealing member and the intensified cham- 
ber. 

[0023] The injector of this invention is of the type in 
which the sealing member is provided between the rel- 
atively sliding surfaces of the reduced concave and the 
reduced portion of the boosting piston. High-pressure 
impulses occurring in fuel in the chamber intensified 
hydraulically by the boosting piston may be blocked by 
the sealing ring which are provided between the rela- 
tively sliding surfaces at a location determined between 
the sealing member and the intensified chamber. The 
sealing member is, accordingly, subject to no dynamic 
high-pressure impulses which occur in the fuel in the 
intensified chamber, resulting in the protection from the 
deterioration in sealing performance. 
[0024] In the injector according to the present inven- 
tion, the sealing member is of a resin-made O ring, 
while the sealing ring is of a split metal ring having resil- 
iency in diametral direction thereof. Whereas the resin- 
made O ring is easy to be damaged owing to the high- 
pressure impulses occurring in fuel or hydraulically 
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actuating fluid or the cavitation occurring in the vicinity 
of the resin-made O ring, the split metal ring is resistant 
against the high-pressure or cavitation and thus hard to 
be damaged. It is to be noted that the split metal ring 
alone can not prevent the leakage of the hydraulically 5 
actuating fluid and the resin-made O ring should be 
required to bear the static pressure, resulting in preven- 
tion of the leakage of the hydraulically actuating fluid 
The split metal ring helps relax the dynamic high-pres- 
sure impulses in the hydraulically actuating fluid, result- 10 
mg in decreasing the influence of the high-pressure or 
cavitation on the O ring. In case the high pressure in the 
fuel or hydraulically actuating fluid propagates around 
the periphery of the split metal ring towards the O ring, 
the split metal ring having the diametral resiliency may 75 
diametrically deflects due to the high pressure so as to 
close the propagation path of the pressure whereby the 
O ring may be protected from the action of the high 
pressure. 

[0025] The split metal ring for the injector of the 20 
present invention is accommodated under the radial 
compression stress in an annular recess, which is 
formed on the enlarged portion or the reduced portion 
of the boosting piston. The split metal ring has the diam- 
etrally-expanding resiliency. Where the high pressure in 25 
the fuel or hydraulically actuating fluid propagates 
around the periphery of the split metal ring towards the 
O ring, the split metal ring may deflect in its diametral 
expansion due to the high pressure so as to close the 
propagation path of the pressure whereby the O ring 30 
may be protected from the action of the high pressure. 
[0026] The injection of the present invention has the 
boosting piston, which has communicating passages on 
its enlarged portion or its reduced portion for communi- 
cating the annular recess with the pressure chamber or 35 
the intensified chamber. The high pressure occurring in 
the hydraulically actuating fluid in the pressure chamber 
or the fuel in the intensified chamber may act on not 
only the sealing members through the mechanical 
clearances between the relatively sliding surfaces of the 40 
concave and the enlarged portion or the reduced por- 
tion of the boosting piston, but also the inner periphery 
of the split metal ring, which is fitted in the annular 
recess, through the communicating passages formed 
on the enlarged portion or the reduced portion of the 45 
boosting piston. As the split metal ring having the diam- 
etral I y-expanding resiliency is subjected to the high 
pressure in the fuel or hydraulically actuating fluid 
through the communicating passages, the split metal 
ring may deflect in its diametral expansion due to the so 
high pressure so as to shut out the propagation path of 
the pressure along the mechanical clearances between 
the relatively sliding surfaces, whereby the O ring may 
be protected from the action of the high pressure. 
[0027] The present invention is further, concerned 55 
with a injector comprising an intensified chamber 
formed in an injector body and supplied with a fuel from 
a common fuel supply rail, a boosting piston for intensi- 



fying the fuel in the intensified chamber, the boosting 
piston being actuated by a hydraulically actuating fluid 
supplied into a pressure chamber in the injector body a 
needle valve arranged in the body so as to open and 
close nozzle holes to inject the fuel from the intensified 
chamber, a control valve for controlling the supply of the 
hydraulically actuating fluid into the pressure chamber 
to actuate the boosting piston, a return spring for forcing 
the boosting piston towards its home position, and a 
casing arranged around the periphery of the injector 
body to form a fuel chamber and provided with a fuel 
inlet and a fuel outlet, both of which are communicated 
with common fluid supply rail, wherein the boosting pis- 
ton includes a radially enlarged portion forming a part of 
a surface defining the pressure chamber, and a radially 
reduced portion forming a part of a surface defining the 
intensified chamber, both of which portions are fitted for 
linear sliding movement in a concave in the injector 
body, sealing members are provided between relatively 
sliding surfaces of the radially reduced portion of the 
boosting piston and the concave, and the relatively slid- 
ing surfaces are communicated with the common fuel 
supply rail or the fuel chamber through communicating 
passages at a location determined between the sealing 
members and the intensified chamber. 
[0028] According to the injector of the present inven- 
tion as explained just above, since the sealing members 
are provided between the relatively sliding surfaces of 
the concave and the reduced portion of the boosting 
piston and also the relatively sliding surfaces are com- 
municated with the common fuel supply rail or the fuel 
chamber through communicating passages at a loca- 
tion determined between the sealing members and the 
intensified chamber, the high pressure of impulse wave 
may be released to the lower-pressure fuel line such as 
the common fuel supply rail or the like, before reaching 
the sealing members through the relatively sliding sur- 
faces, whereby the O ring may be protected from the 
action of the high pressure and prolonged in sealing life. 
[0029] In the injector of the present invention, further- 
more, the high pressure of impulse wave from the inten- 
sified chamber may be attenuated owing to the annular 
recess open to the communicating passage, which 
recess is formed on any one of the relatively sliding sur- 
faces of the concave or the reduced portion of the 
boosting piston. 

Brief Description of Drawing 



[0030] Figure 1 is a fragmentary axial-sectional view 
showing the essential parts of a first embodiment of an 
injector according to the present invention; Figure 2 is a 
fragmentary axial -sectional view showing the essential 
parts of a second embodiment of an injector according 
to the present invention; Figure 3 is a fragmentary axial- 
sectional view showing the essential parts of a third 
embodiment of an injector according to the present 
invention; Figure 4 is a fragmentary enlarged sectioned 
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view of the injector shown in Figure 3; Figure 5 is a 
schematic end view showing a radially reduced portion 
of a boosting piston adapted to the injector shown in 
Figure 3; Figure 6 is a fragmentary axial-sectional view 
showing the essential parts of a fourth embodiment of 5 
an injector according to the present invention; Figure 7 
is a perspective view showing a split metal ring adapted 
to the injector according to the present invention; Figure 
8 is a pressure-time chart illustrating variations in a 
pressure applied to a sealing member of O ring per one w 
injection cycle; Figure 9 is a fragmentary axial-sectional 
view showing the essential parts of a fifth embodiment 
of an injector according to the present invention; Figure 
10 is a fragmentary axial -sectional view showing the 
essential parts of a sixth embodiment of an injector 75 
according to the present invention; Figure 11 is a frag- 
mentary axial-sectional view showing the essential 
parts of a seventh embodiment of an injector according 
to the present invention; Figure 12 is a schematic 
explanatory view showing a fuel supply system for a fuel 20 
injection apparatus of engines; Figure 13 is an axial- 
sectional view showing a prior injector; and Figure 14 is 
an axial-sectional view showing an injector disclosed in 
-co-pending application by this applicant. 

25 

Best Mode for Carrying Out the Invention 

[0031 ] Referring now in detail to the drawings, the pre- 
ferred embodiments of the injector according to the 
present invention will be explained below. Figure 1 is a 30 
fragmentary axial-sectional view showing the essential 
parts, that is, a radially enlarged potion of a boosting 
piston and a constitution around the piston, of a first 
embodiment of an injector according to the present 
invention. It is to be noted that the residual constitution 35 
other than parts shown in Figure 1 is identical with that 
of the injector in Figure 1 3 and therefore the repetition of 
the same description will be omitted. In the following 
description, the same reference character identifies 
equivalent or same parts in both of Figures 1 and 13 40 
and the repetition of the same parts and the principal 
fuel injection operation thereof will be omitted. 
[0032] Referring to Figure 1 , in which there is the radi- 
ally enlarged portion 1 1 5 and the guide ring portion 1 1 8 
of the boosting piston 119, with a radially reduced por- 45 
tion being left out. On mechanical designing, it is very 
hard to eliminate a small mechanical clearance 27 
between a sliding surface 49a of the radially enlarged 
concave 26 and a sliding surface 49b of the boosting 
piston 119, which is arranged for reciprocating move- so 
ment in the enlarged concave 26. As a result, the 
hydraulically actuating fluid in the pressure chamber 8 is 
apt to leak in the spring chamber 30 through the clear- 
ance 27. The leakage of the hydraulically actuating fluid 
may be prevented by means of the sealing member 44 55 
of an O ring, which is provided between the relatively 
sliding surfaces 49a and 49b. It is to be noted that the O 
ring 44 is made of resins, in general, rubber that is easy 



to be damaged owing to not only the high pressure 
impulses in the fuel or the hydraulically actuating fluid, 
but also the cavitation occurring in the vicinity thereof. 
[0033] For the protection of the O ring 44 from the 
direct effect of the high pressure impulses in the pres- 
sure chamber 8, there is provided a metallic ring 91 hav- 
ing the figure of character "C" just like the piston ring, 
hereinafter referred to as "split ring", which is arranged 
between the relatively sliding surfaces 49a, 49b at any 
location between the pressure chamber 8 and the O 
ring 44. Preferably, the split metal ring 91 is arranged 
somewhere near the pressure chamber 8 with respect 
to the O ring 44 between the relatively siding surfaces 
49a and 49b. According to the embodiment shown, the 
split ring 91 is fitted under the diametral compression in 
an annular recess 92 around the enlarged portion 115 
of the boosting piston 119. As an alternative, the annu- 
lar recess for the split ring may be formed on the 
enlarged concave 26. The actuation of the control valve, 
or the solenoid valve 16, causes the high-pressure 
impulses in the hydraulically actuating fluid in the pres- 
sure chamber 8. Such dynamic, high-pressure impulses 
in the hydraulically actuating fluid is firstly supported by 
the split ring 91 fitted in the annular recess 92, so that 
the O ring 44 is only exposed to a static, substantially 
constant pressure. It will be thus understood the both of 
the O ring and the split ring may bear, respectively, their 
shares of the hydraulic pressure with the result of pro- 
longing their sealing performances. 
[0034] The split ring 91 is made of metal which may 
withstand against the high pressure and cavitation and 
is hard to be damaged. The split metal ring 91 may relax 
the high pressure impulses in the hydraulically actuating 
fluid propagating along the clearance 27 from the pres- 
sure chamber 8, with the result that the cavitation has 
little influence on the O ring 44. The split ring 91 is par- 
tially cut away in the form of the character "C", which 
has the diametral resiliency so as to be deflective diam- 
etrally with a small stress. Accordingly, upon the high 
pressure impulses in the hydraulically actuating fluid or 
fuel propagating around the split ring 91 towards the O 
ring 44, the split ring 91 makes deflection diametrally to 
block the propagation path, causing the relaxation of the 
high pressure acting on the O ring. 
[0035] The split ring 91 fitted in the annular recess 92 
around the enlarged portion 115 has the resiliency of 
diametrally expansion and thus deflects in the diametri- 
cally-expanding direction owing to the high pressure 
impulses in the hydraulically actuating fluid or fuel, 
which propagate around the split ring 91 towards the O 
ring 44. The diametrally-expanded split ring 91 makes 
abutment against the sliding surface 49a of the enlarged 
concave 26 to block the propagation path for the pres- 
sure, resulting in relaxation of the high pressure 
impulses. 

[0036] In the injector of the present invention, the 
boosting piston 119 is provided at its enlarged portion 
115 with communicating passages 93, 94 for making a 
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fluid connection between the pressure chamber 8 and 
the annular recess 92 to thereby render the split ring 91 
more easy deflective. The high pressure occurring in 
the hydraulically actuating fluid or fuel in the pressure 
chamber 8 reaches the annular recess 92 on the boost- 
ing piston 1 1 9 through the communicating passages 93, 
94 formed in the enlarged portion 115 of the boosting 
piston and finally acts on an inner face of the split ring 
91. The split ring 91 of diametrally expansion may easily 
deflect radially outwardly of the ring owing to the high 
pressure in the hydraulically actuating fluid or fuel. 
[0037] Figure 2 is a fragmentary axial-sectional view 
showing the essential parts, that is, a radially reduced 
potion of a boosting piston and a constitution around the 
piston, of a second embodiment of an injector according 
to the present invention. It is to be noted that the resid- 
ual constitution other than parts shown in Figure 2 is 
identical with that of the injector in Figure 14 and there- 
fore the repetition of the same description will be omit- 
ted. In the following description, the same reference 
character identifies equivalent or same parts in both of 
Figures 2 and 14 and the repetition of the same parts 
and the principal fuel injection operation thereof will be 
omitted. 

[0038] Referring to Figure 2, in which there is only the 
radially reduced portion 1 14 of the boosting piston 120, 
with a radially enlarged portion being left out. On 
mechanical designing, it is very hard to eliminate a 
small mechanical clearance 28 between a sliding sur- 
face 43a of the radially reduced concave 42 and a slid- 
ing surface 43b of the radially reduced portion 114 of 
the boosting piston 120, which is arranged for recipro- 
cating movement in the reduced concave 42. As a 
result, the fuel in the intensified chamber 7 is apt to leak 
in the spring chamber 30 through the clearance 28. The 
leakage of the fuel may be prevented by means of the 
sealing member 47 of an O ring, which is provided 
between the relatively sliding surfaces 43a and 43b. It is 
to be noted that the O ring 47 is easy to be damaged 
owing to not only the high pressure impulses in the fuel 
or the hydraulically actuating fluid, but also the cavita- 
tion occurring in the vicinity thereof. 
[0039] For the protection of the O ring 47 from the 
direct effect of the high pressure impulses in the intensi- 
fied chamber 7, there is provided a split ring 95 made of « 
metal just like the split ring 91 between the relatively 
sliding surfaces 43a, 43b at any location between the 
intensified pressure 7 and the O ring 47. Preferably, the 
split metal ring 95 is arranged somewhere near the 
intensified chamber 7 with respect to the O ring 47 £ 
between the relatively sliding surfaces 43a and 43b. 
According to the embodiment shown, the split metal ring 
95 is fitted under the diametral compression in an annu- 
lar recess 96 around the reduced portion 114 of the 
boosting piston 120. As an alternative, the annular 5 
recess for the split ring may be formed on the reduced 
concave 42. The intensifying stroke of the boosting pis- 
ton 120 causes the high-pressure impulses in the fuel in 



the intensified chamber 7. Such dynamic, high-pressure 
impulses in the fuel is firstly supported by the split ring 
95 fitted in the annular recess 96, so that the O ring 47 
is only exposed to a static, substantially constant pres- 
5 sure. 

[0040] The split ring 95 is substantially equal with the 
split ring 91 shown in Figure 1 in its configuration, resil- 
ient deflection, absorption property of the high pressure 
impulses or the like and therefore the repetition of the 
10 same description will be omitted. The split ring 95 may 
predominantly support the high pressure impulses in 
the fuel occurring in the boosting piston 7 whereby the 
O ring 47 is protected from damages such as getting 
rough at its surface due to the impulses and the O ring 
is 47 is only exposed to a static, substantially constant 
pressure. As an alternative, a decompression groove 97 
may be provided around the reduced potion 114 some- 
where nearer the intensified chamber 7 with respect to 
the annular recess 96 in order to decompress the high 
20 pressure impulses in the intensified chamber 7. 

[0041 ] Next, referring to Figures 3 to 5 showing a third 
embodiment of the present invention, in which Figure 3 
is a fragmentary axial -sectional view showing a boost- 
ing piston 121 in a third embodiment of the injector 
25 according to the present invention and Figure 4 is a 
fragmentary enlarged sectioned view explanatory of 
communicating passages 98, 99. The third embodiment 
shown in Figures 3 to 5 is substantially equivalent with 
the boosting piston 120 in Figure 2, which has the 
so reduced portion 114 provided with the communicating 
passages 98, 99 for making fluid connections between 
the intensified chamber 7 and the annular recess 96. In 
Figures 3 to 5, there is shown only the reduced portion 
1 14 of the boosting piston 121 and the enlarged portion 
35 is omitted. It is to be noted that the residual constitution 
other than the communicating passages 98, 99 is iden- 
tical with that of the embodiment in Figure 2 and the 
same reference character identifies equivalent or same 
parts in both of Figures 2 and 3-5. Thus, the repetition 
40 of the same description will be omitted in the following 
description. 

[0042] The effect of the communicating passages 98, 
99 is substantially equivalent with that of the communi- 
cating passages 93, 94 shown in figure 1. High-pres- 

45 sure impulses occurring in the fuel in the intensified 
chamber 7, as shown in figure 4, act on a lower surface 
95a of the split ring 95 through the clearance 28. As a 
result, the split ring 95 is forcibly disengaged from an 
annular surface 96b of the annular recess 96 and urged 

>o against an opposite annular surface 96a of the annular 
recess 96. Simultaneously with the above, the high- 
pressure impulses occurring in the fuel in the intensified 
chamber 7 causes a pressure P 2 acting on a peripheral 
95b through the communicating passages 98, 99. The 

5 split ring 95 fitted under the compression stress is diam- 
etrally expanded by the pressure P 2 so as to be pressed 
against the sliding surface 43a of the reduced concave 
42. Accordingly, the high-pressure impulses occurring 
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in the intensified chamber 7 is supported by the split 
ring 95 deflected in the form shown in Figure 4, so that 
the O ring 47 is subject to no influence of the pressure 
P 2 , that is, a pressure P 4 exerted to the O ring 4 involve 
no high-pressure impulses. 

[0043] Further referring to Figure 6, the following 
explains a fourth embodiment of an injector according to 
the present invention. The embodiment in Figure 6 is 
substantially equivalent to the arrangement in Figure 2 
in that there is provided the split ring between the rela- 
tively sliding surfaces 43a, 43b at any location between 
the intensified pressure 7 and the sealing member, 
which is not shown in Figure 6, but may be of the same 
as the sealing member 47 in Figure 2. A split metallic 
ring 1 00 is arranged between the relatively sliding sur- 
faces 43a, 43b of the reduced concave 42 and the 
reduced portion 1 14 of a boosting piston 112. The split 
ring 100 is of a substantially triangular configuration in 
section and fitted under the diametral compressive 
stress in an annular recess 103 of triangular cross sec- 
tion such that a tapered surface 101 corresponding with 
the hypotenuse of the triangle opposes to a tapered sur- 
face 104 of the annular recess 103. With high-pressure 
Impulses in the fuel occurring in the intensified chamber 
7. the split ring 100 is subjected on its tapered surface 
101 to a pressure P 4 corresponding to the resultant of a 
force acting diametrally outwardly of the split ring and a 
force facing the sealing member 47. The split ring 1 00 
may thus deflect diametrally outwardly against the slid- 
ing surface 43a of the reduced concave 42 as well as 
move axially to an annular surface 105 of the annular 
recess 103, resulting in a position illustrated. It will be 
understood that the high-pressure impulses in the fuel 
occurring in the intensified chamber 7 are supported by 
the split ring 100 and exert no influence to the sealing 
member 47 of the O ring. 

[0044] Figure 8 is a pressure-time chart illustrating 
variations in a pressure applied to a sealing member of 
O ring per one injection cycle. In Figure 8, a curve C 
illustrates a pressure applied an O ring in the prior injec- 
tor in which an O ring is alone employed. As will be 
seen, the O ring is exposed to a high-pressure impulse 
occurring shortly after starting fuel injection, a reflection 
waveform R1 repeatedly following the impulse, and 
another reflection waveform R2 occurring after the ter- 
mination of injection. The cavitation is apt to occur dur- 
ing the period of the violent pressure variation 
represented by waveform R1. On the contrary, an one- 
dotted broken line A shows that the pressure on the O 
ring decreases remarkably through the whole injection 
period in the injection of the present invention having 
the split ring. A two-dotted broken line B shows more 
reduction in pressure on the O ring, which is realized by 
adaptation of the split ring and the annular recess 97. 
[0045] A fifth embodiment of an injector according to 
the present invention will be described with reference to 
Figure 9, which is a fragmentary enlarged sectional 
view showing the essential parts of the fifth embodi- 



ment. The injector in Figure 9 is substantially identical 
with the injector in Figure 14 with the exception of com- 
municating passages for opening the clearance 
between the relatively sliding surfaces of the concave 

5 and the reduced portion of the boosting piston to a 
lower-pressure fuel passage. In the following descrip- 
tion, the same reference character identifies equivalent 
or same parts and the repetition of the same parts will 
be omitted. The injectors in both figures are identical 

to with each other in principal fuel injecting operation and 
therefore the repetition of the same description will be 
omitted. 

[0046] The injector according to the fifth embodiment 
is to be adapted in combination with the fuel supply sys- 

15 tern shown in Figure 12 and assigned per one cylinder. 
Referring to Figure 9, there is shown an injector 100, or 
the fifth embodiment of the present invention. The injec- 
tor 100 is connected at its fuel inlet 1 1 and fuel outlet 12 
to the common fuel supply rail 51 in the fuel supply sys- 

20 tern and thus constantly fed with the fuel in the common 
rail 51. In the following description. 
[0047] The injector 100 includes the fuel supply body 
5 provided with the radially reduced concave 42 which is 
defined by the spacer body 81 and opened to the radi- 
os ally enlarged concave 26 in the injector body 4. The 
radially reduced potion 1 1 4 of the boosting piston 1 09 is 
inserted for reciprocating movement in the reduced con- 
cave 42 to thereby provide the intensified chamber 7 
defined in the reduced concave 42 by the end of the 

30 reduced portion 114 and the opposing surface of the 
spacer body 81. The sealing member 47 is provided in 
the clearance between the relatively sliding surfaces 43 
of the reduced portion 1 14 and the reduced concave 42 
in order to prevent the fuel from leakage into the radially 

35 enlarged concave 26. 

[0048] The clearance between the relatively sliding 
surfaces 43 is communicated to the lower-pressure fuel 
passage such as the common rail 51 or the fuel cham- 
ber 20 at any location between the sealing member 47 

40 and the intensified chamber 7. The high-pressure 
impulses in the fuel may occur in the intensified cham- 
ber 7 by intensification of the boosting piston 109, the 
impulses is nevertheless released to the lower-pressure 
fuel passage before reaching the sealing member 47 

45 along the relatively sliding surfaces 43. The sealing 
member 47 may be protected from damages such as 
getting rough at its surface due to the cavitation or the 
like and therefore prolonged in sealing property 
[0049] The injector 100 is provided with an annular 

so groove 102 on any one of the sliding surfaces of the 
concave 42 and the reduced portion 1 14 of the boosting 
piston 109, the annular groove 102 being fluidly con- 
nected with the communicating passage 101. Alterna- 
tively, the annular groove 101 may be provided in 

55 spanning the sliding surfaces of the concave 42 and the 
reduced portion 114 of the boosting piston 109. The 
annular groove 102 is to relax divergently the high-pres- 
sure impulses occurring in the intensified chamber 7, 
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resulting in the improvement in durability of the sealing 
member. For protecting the sealing member 47 from the 
exposure to the high-pressure impulses occurring in the 
intensified chamber 7 as well as the damage owing to 
the shearing at the edge of the annular groove 102, the 5 
sealing member 47 is spaced from an adjacent edge, or 
an upper edge in the drawing, of the annular groove 102 
on the concave 42 with an interval W1 which is longer 
than a stroke the boosting piston 109. 
[0050] Figures 10 and 1 1 are fragmentary axial-sec- n 
tional views, respectively, showing respectively, intensi- 
fied chambers and related parts of sixth and seventh 
embodiments of an injector according to the present 
invention. The residual parts of the injector are substan- 
tially identical with that in Figures 9 and 14 and there- n 
fore the repetition of the same description will be 
omitted. In the embodiment shown in Figure 10, an 
annular groove 103 is provided on only the sliding sur- 
face 43a of the concave 42 in opposing to the periphery 
of the lower section 1 1 9 of the reduced portion 1 1 4 and 20 
is connected to the communicating passage 101. For 
the same reason described above in connection with 
the interval W1, an interval W2 between the sealing 
member 47 and the adjacent edge of the annular groove 
1 03 is determined so as to be over a stroke of the boost- 25 
ing piston 109 when the piston 109 is at its top dead 
center. 

[0051 ] Further, in the embodiment shown in Figure 1 1 , 
an annular groove 104 is provided on only the sliding 
surface 43b of the reduced portion 1 14 of the boosting 30 
piston 109 so that the reduced portion 114 is made 
more slender at 120 with leaving a bottom section 121 
to thereby provide the annular groove 104. The commu- 
nication passage 101 may be kept in fluid connection 
with the annular groove 104 irrespective of any position 35 
of the boosting piston 109 in its reciprocating stroke. For 
the same reason described above in connection with 
the interval W1, an interval W3 between widthwise- 
opposing edges of the annular groove 103 is deter- 
mined so as to be over a stroke of the boosting piston 40 
109. 

Industrial Applicability 

[0052] In accordance with the injector of the present 45 
invention as described above, the boosting piston is fit- 
ted for reciprocating, sliding movement in the concave in 
the injector body. The boosting piston is composed of a 
radially enlarged portion for partially defining the pres- 
sure chamber and a radially reduced portion fitted for so 
sliding movement in the concave to thereby partially 
define the intensified chamber. The sealing member is 
arranged in the clearance between the relatively sliding 
surfaces of the concave and any one of the enlarged 
portion and the reduced portion of the boosting piston. 55 
The sealing ring is further arranged between the rela- 
tively sliding surfaces at any location between the seal- 
ing member and the pressure chamber or between the 



sealing member and the intensified chamber. The seal- 
ing ring is to block the propagation of the high-pressure 
impulses occurring in the pressure chamber or the 
intensified chamber along the way of the sliding sur- 
faces, resulting in isolation of the sealing member from 
the high-pressure impulses. That is, the sealing ring 
may block the propagation of the high-pressure 
impulses occurring in the hydraulically actuating fluid in 
the pressure chamber or in the fuel in the intensified 
chamber on actuating the control valve. As a result, the 
sealing member of resin-made O ring is subject to no 
high-pressure impulses in the hydraulically actuating 
fluid and cavitation occurrence may be suppressed in 
the vicinity of the sealing member. Further, the pressure 
acting on the sealing member may be also reduced in 
magnitude of the absolute pressure. Consequently, the 
sealing member may be prolonged in sealing life. The 
combination of the sealing member with the sealing ring 
results in ensuring high sealing performance and 
improved durability of the sealing member of O ring. 
[0053] Moreover, according to the injector of the 
present invention, the sealing member is provided in the 
clearance between the relatively sliding surfaces of the 
concave and the reduced portion of the boosting piston. 
The communicating passage connects the clearance 
between the relatively sliding surfaces with the lower- 
pressure fuel passage at any location between the seal- 
ing member and the intensified chamber. The high- 
pressure impulses in fuel occurring in the intensified 
chamber may be released to the lower-pressure fuel 
passage such as the common fuel supply rail, fuel 
chamber or the like before reaching the sealing member 
along the relatively sliding surfaces. The sealing mem- 
ber may be protected from damages such as getting 
rough at its surface due to the cavitation or the like and 
therefore prolonged in sealing property. As an alterna- 
tive, the annular groove is provided on at least any one 
of the concave and the reduced portion of the boosting 
piston and connected to the communicating passage. 
The annular groove may relax the high-pressure 
impulses from the intensified chamber, resulting in 
improving the sealing member in durability thereof. 

Claims 

1. An injector comprising an intensified chamber 
formed in an injector body and supplied with a fuel 
from a common fuel supply rail, a boosting piston 
for intensifying the fuel in the intensified chamber, 
the boosting piston being actuated by a hydrauli- 
cally actuating fluid supplied into a pressure cham- 
ber in the injector body, a needle valve arranged in 
the body so as to open and close nozzle holes to 
inject the fuel from the intensified chamber, a con- 
trol valve for controlling the supply of the hydrauli- 
cally actuating fluid into the pressure chamber to 
actuate the boosting piston, a return spring for forc- 
ing the boosting piston towards its home position, 
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and a casing arranged around the periphery of the 
injector body to form a fuel chamber and provided 
with a fuel inlet and a fuel outlet, both of which are 
communicated with common fluid supply rail, 
wherein the boosting piston includes a radially 
enlarged portion forming a part of a surface defin- 
ing the pressure chamber, and a radially reduced 
portion forming a part of a surface defining the 
intensified chamber, both of which portions are fit- 
ted for. linear sliding movement in a concave in the 
injector, body, a sealing member is provided 
between relatively sliding surfaces of the radially 
enlarged portion of the boosting piston and the con- 
cave, and a sealing ring is provided between the 
relatively sliding surfaces at any location deter- 
mined between the sealing member and the pres- 
sure chamber. 



surface defining the intensified chamber, a sealing 
member is provided between relatively sliding sur- 
faces of the radially reduced portion of the boosting 
piston and the concave, and a sealing ring is pro- 
5 vided between the relatively sliding surfaces at any 

location determined between the sealing members 
and the intensified chamber. 

6. An injector constructed as defined in claim 5, 
10 wherein the sealing member is of a resin-made O 

ring and the sealing ring is of a split metal ring hav- 
ing a diametral resiliency. 

7. An injector constructed as defined in claim 6, 
15 wherein the split metal ring is fitted in an annular 

recess on the reduced portion of the boosting pis- 
ton with a diametrally compressed stress. 



2. An injector constructed as defined in claim 1, 
wherein the sealing member is of a resin-made O 
ring and the sealing ring is of a split metal ring hav- 
ing a diametral resiliency. 

-3. An injector constructed as defined in claim 2, 
wherein the split metal ring is fitted in an annular 
recess on the enlarged portion of the boosting pis- 
ton with a diametrally compressed stress. 

4. An injector constructed as defined in claim 3, 
wherein a communicating passage is provided in 
the enlarged potion of the boosting piston for mak- 
ing a fluid connection between the pressure cham- 
ber and the annular recess. 

5. An injector comprising an intensified chamber 
formed in an injector body and supplied with a fuel 
from a common fuel supply rail, a boosting piston 
for intensifying the fuel in the intensified chamber, 
the boosting piston being actuated by a hydrauli- 
cally actuating fluid supplied into a pressure cham- 
ber in the injector body, a needle valve arranged in 
the body so as to open and close nozzle holes to 
inject the fuel from the intensified chamber, a con- 
trol valve for controlling the supply of the hyd radi- 
cally actuating fluid into the pressure chamber to 
actuate the boosting piston, a return spring for forc- 
ing the boosting piston towards its home position, 
and a casing arranged around the periphery of the 
injector body to form a fuel chamber and provided 
with a fuel inlet and a fuel outlet, both of which are 
communicated with common fluid supply rail, 
wherein the boosting piston includes a radially 
enlarged portion fitted for linear sliding movement 
in a radially enlarged concave in the injector body 
and forming a part of a surface defining the pres- 
sure chamber, and a radially reduced portion fitted 
for linear sliding movement in a radially reduced 
concave in the injector body and forming a part of a 



8. An injector constructed as defined in claim 7, 
20 wherein a communicating passage is provided in 
the reduced potion of the boosting piston for mak- 
ing a fluid connection between the intensified 
chamber and the annular recess. 

25 9. An injector comprising an intensified chamber 
formed in an injector body and supplied with a fuel 
from a common fuel supply rail, a boosting piston 
for intensifying the fuel in the intensified chamber, 
the boosting piston being actuated by a hydrauli- 

30 cally actuating fluid supplied into a pressure cham- 
ber in the injector body, a needle valve arranged in 
the body so as to open and close nozzle holes to 
inject the fuel from the intensified chamber, a con- 
trol valve for controlling the supply of the hydrauli- 

35 cally actuating fluid into the pressure chamber to 
actuate the boosting piston, a return spring for forc- 
ing the boosting piston towards its home position, 
and a casing arranged around the periphery of the 
injector body to form a fuel chamber and provided 

40 with a fuel inlet and a fuel outlet, both of which are 
communicated with common fluid supply rail, 
wherein the boosting piston includes a radially 
enlarged portion fitted for linear sliding movement 
in a concave in the injector body and forming a part 

45 of a surface defining the pressure chamber, and a 
radially reduced portion fitted for linear sliding 
movement in a concave in the injector body and 
forming a part of a surface defining the intensified 
chamber, a sealing member is provided between 

50 relatively sliding surfaces of the radially reduced 
portion of the boosting piston and the concave, and 
a communicating passage connects the relatively 
sliding surfaces with any one of the common fuel 
supply rail and the fuel chamber at any location 

55 determined between the sealing members and the 
intensified chamber. 

10. An injector constructed as defined in claim 9, 
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wherein an annular groove is provided on any one 
of the relatively sliding surfaces of the concave and 
the reduced portion of the boosting piston and is 
connected to the communicating passage. 
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FIG. 1 
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